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 Abstract	
With  a  focus  on  dynamic  facades  and  overall  building  energy  ef iciency,  this  project 
resulted  in  a  shading  device  that  implements  the  use  of  a  shape  memory  alloy,  speci ically 
Nitinol,  to  directly  respond  to  solar  heat.  To  evaluate  the  concept,  a  prototype  was 
constructed  and  tested,  forces  were  calculated,  and  energy  modeling  software  was  used  to 
calculate  the  energy  savings  in  comparison  to  an  unshaded  baseline.  The  result  was  an 
energy  and  user  independent  functioning  shading  device  that  effectively  lowered  annual 
energy  consumption  that  is  comparable  to  other  types  of   ixed  shading  yet  offers  a  new 
responsive  effect  on  the  architectural  impact  of  a  structure. 
  ii. 
 MQP		Design		and		Professional		Licensure		Statement	
Design		Statement	
This  Major  Qualifying  Project  focused  on  designing  a  responsive  shading  device  that 
could  be  applied  to  standard  buildings  to  reduce  HVAC  loads  due  to  solar  heat  gain. 
Beginning  with  a  broad  concept  of  designing  a  futuristic,  innovative,  and  responsive  facade 
system,  the  team  worked  through  many  ideas  to  eventually  settle  on  a  shading  design. 
Materials  were  researched,  mechanisms  tested,  and  architectural  design  considered.  The 
long  reaching  goal  of  this  design  is  to  be  adaptable  to  different  facade  systems  in  order  to 
have  a  cultural  and  architectural  impact  wherever  it  is  implemented.  The  design  proposed 
was  created  and  evaluated  structurally  and  mechanically.  The  entire  team  worked 
collectively  on  the  design  process  but  divided  the  main  responsibilities  of  the  structural  and 
mechanical  sections. 
Structural	
Members  of  the  team  evaluated  forces  working  within  the  shading  device  to 
optimize  functionality.  Loads  on  the  entire  building’s  facade  due  to  the  addition  of  this 
device  were  also  determined.  These  calculations  were  made  with  primarily  safety  and 
public  health  in  mind.  A  shading  device  that  operates  with  a  high  percentage  of 
functionality  lowers  potential  glare  that  inhabitants  are  subjected  to.  Further,  in  a  basic 
sense,  ensuring  that  a  building’s  structural  system  can  withstand  the  added  weight  of  this 
system  keeps  everyone  safe.  
These  structural  components  were  completed  by  Stephanie  Jones  and  Katherine 
Johannes  and  reviewed  by  So ia  Reyes  and  Faye  Gauthier. 
iii. 
 Mechanical	 
Within  the  design  process,  the  team  compared  the  use  of  different  materials  to 
provide  shading  in  both  the  working  prototype  and  in  an  actual  installation.  A  realistic 
building  model  in  Design-Builder  was  created  to  calculate  energy  savings  in  comparison  to 
standard   ixed  shading.  Also,  energy  codes,   ire  protection  codes,  and  HVAC  standards  were 
researched  to  implement  into  the  design  and  the  report.  Further,  members  of  the  team 
created  a  window  detail  drawing  to  illustrate  the  integration  of  the  design  into  a 
construction  setting.  These  components  helped  the  project  achieve  awareness  of 
environmental,  economic,  and  global  considerations.  The  driving  force  for  installation  of  a 
concept  such  as  our  design  is  to  lower  environmental  impacts  due  to  energy  consumption 
and  save  money  on  energy  costs.  Further,  it  is  vital  to  understand  the  climate  that  this 
shading  device  could  be  installed  in  and  how  globally  it  will  be  altered  or  remain  the  same.  
These  mechanical  components  were  completed  by  So ia  Reyes  and  Faye  Gauthier 
and  reviewed  by  Stephanie  Jones  and  Katherine  Johannes. 	
iv. 
 Professional		Licensure		Statement	
The  steps  toward  a  successful  career  in  engineering  begin  with  an  education  prior  to 
joining  the  professional  arena.  Then  when  working  in  the   ield,  there  is  much  more  to  learn 
past  the  college  curriculum.  By  working  under  more  experienced  engineers,  early-career 
engineers   are  able  to  achieve  the  level  of  knowledge  necessary  to  become  a  reliable 
professional.  Engineering  designs  are  what  ensure  our  built  environments  are  safe  for 
human  inhabitants,  and  as  a  society  the  expectation  for  this  work  is  at  the  level  of  high 
quality  of  safety  for  the  user  and  the  general  public.  Further  than  the  societal  level,  any 
client  paying  for  an  engineering  service  is  expecting  work  in  return  that  accomplishes  its 
purpose.  The  uncertainty  lies  with  who  is  trustworthy  to  hire  for  these  services.  What  is  the 
standard  for  experience  and  knowledge  that  makes  an  engineer  independently  trusted  one? 
This  is  where  professional  licensure  comes  in.  
The  process  to  become  a  Professional  Engineer  (PE)  is  very  straightforward  and  a 
very  important  part  of  an  engineer’s  career  and  professional  image.  To  do  this,  one  must 
 irst  complete  a  degree  from  an  accredited  engineering  program.  Then  the  engineer  must 
pass  the  Fundamentals  of  Engineering  exam  and  work  for  several  to  gain  progressive 
engineering  experience  under  a  current  licensed  engineer.  Finally,  the  aspiring  PE  must 
pass  the  Principle  and  Practice  of  Engineering  exam  (What  is  a  PE?,  n.d.).  After  earning  the 
title  of  PE,  one’s  skills  must  continue  to  develop  in  order  to  maintain  the  license.  Depending 
on  the  state  they  are  licensed  in,  different  educational  requirements  are  mandated.  At  this 
point,  engineers  have  the  opportunity  to  join  professional  organizations  such  as  ASCE,  AEI 
and  AIA  which  allows  them  to  network  with  others  and  contribute  to  the  community  as  a 
whole.  In  turn,  PE’s  can  prepare  and  seal  engineering  drawings  for  construction  (What  is  a  
v. 
 PE?,  n.d.).  Advancement  within  one’s  career  as  well  as  the  engineering   ield  overall  is  reliant 
upon  professionals  obtaining  Professional  Engineer  status. 
vi. 
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   Executive		Summary	
Residential  and  Commercial  buildings  are  some  of  the  largest  consumers  of  energy 
globally.   As  sustainability  practices  become  mainstream  and  regulations  become  stricter, 
emphasis  on  developing  methods  to  reduce  the  mechanical  load  on  these  buildings 
increases.  Dynamic  facades  are  rapidly  developing  as  a  way  to  combat  solar  heat  gains 
which,  in  some  climates,  can  be  a  large  contributor  to  a  building’s  cooling  load.  While  most 
dynamic  facades  utilize  computerized  devices  based  on  temperature  sensors,  the 
incorporation  of  smart  materials  such  as  Nitinol,  offers  the  unique  possibility  of 
adaptability  without  requiring  additional  power. 
The  goal  of  this  project  was  to  develop  an  autonomous  shading  device  utilizing 
Nitinol  as  a  device  actuator.  Throughout  design  and  analysis,  the  focus  was  placed  on 
creating  a  responsive  device  that  could  be  easily  incorporated  in  a  building  in  a  natural  and 
aesthetically  pleasing  fashion.  Different  models  were  developed  under  this  concept,  and 
through  the  use  of  weighted  evaluation  matrices,  the  most  promising  design  was  pursued, 
which  consisted  of  a  vertical  mechanism  assembled  from  a  Nitinol  coil  and  tension  spring 
working  together  to  expand  and  contract  an  accordion-folded  shade.  A  material  speci ic 
matrices  concluded  that  110lbs  paper  was  most  promising  because  of  its  creasability  and 
opacity.  Following  this  selection,  an  investigation  was  completed  to  establish  the 
appropriate  tensile  forces  generated  by  the  spring  to  counteract  the  Nitinol  coil  under  the 
relaxed  condition.  After  developing  a  balance  between  the  internal  forces  acting  on  the 
spring  and  Nitinol,  an  analysis  was  completed  to  ensure  the  proposed  design  could  be 
added  to  an  existing  building  with  minimal  impact  on  the  structural  system.   Design  
viii. 
 effectiveness  was  tested  through  the  use  of  physical  prototyping  and  computer-based 
energy  modeling.  Using  a  scaled  version  of  the  proposed  design  in  combination  with 
arti icial  heat  and  light  sources  to  replicate  the  sun,  the  design  was  tested  for  response  time, 
speed  of  motion,  and  shading  effectiveness.  Following  these  tests,  it  was  concluded  that 
within  an  hour  of  initiating  activation  the  device  was  able  to  reduce  light  in iltration  by 
almost  two-thirds.  Using  the  software  Design-Builder  to  evaluate  annual  energy 
consumption,  the  proposed  design  has  an  estimated  3-5%  energy  consumption  reduction 
in  comparison  to  an  unshaded  baseline.  This  range  depended  on  several  variables:  location, 
amount  of  window  panes,  and  activation  temperature  of  the  design. 	
Following  the  analysis  of  the  results  as  a  whole,  the  proposed  design  was  proven  to 
be  a  functional  concept  for  the  integration  of  smart  materials  into  building  components  as 
an  energy  saving  initiative.  Based  on  evolving  materials  and  ideas,  the  proposed  system 
offers  many  future  opportunities  for  investigation  of  the  active  concepts  and  optimization 
of  smart  material  mechanics. 	
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